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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the image 
pickup device that corrects properly a photographed 
image with respect to vibration in the case of using the 
image pickup device as an on- vehicle camera. 
SOLUTION: The image pickup device 1 is provided 
with image pickup means 2, 3 that photograph an object, 
a vibration detection means 7 that detect vertical 
vibration of a vehicle, a distance calculation means 2a 
that calculates a distance up to the object, and video 
output correction means 10, 11,5 that apply correction 
processing to an output video image based on the 
detection result of the vibration detection means 7 and 
the calculation result of the distance calculation means 2a 
as to the video signal generated by the image pickup 
means 2, 3. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
5 precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Claim(s)] 

[Claim 1] An image pick-up means to picturize the above-mentioned photographic subject and to 
generate an image pick-up signal in the image pick-up equipment which is carried in a car and 
picturizes the photographic subject besides a car, An oscillating detection means to detect 

1 5 vibration of the vertical direction of the above-mentioned car, and a distance calculation means 
to compute the distance to a photographic subject, Image pick-up equipment characterized by 
having a video output amendment means to perform amendment processing about the image 
outputted based on the detection result of the above-mentioned oscillating detection means, and 
the calculation result of the above-mentioned distance calculation means about the above- 

20 mentioned video signal which the above-mentioned image pick-up means generated. 

[Claim 2] The above-mentioned oscillating detection means is image pick-up equipment 
according to claim 1 characterized by having the acceleration sensor which detects vibration of 
the vertical direction of the above-mentioned car with acceleration, and an amount calculation 
means of displacement to compute the amount of displacement of the vertical direction of the 

25 above-mentioned car from the acceleration which the above-mentioned acceleration sensor 
detected. 

[Claim 3] It is image pick-up equipment according to claim 2 characterized by performing 
amendment processing about the field angle of the image which once memorizes the above- 
mentioned video output amendment means about the above-mentioned video signal which the 
30 above-mentioned image pick-up means generated, and is outputted based on the detection result 
of the above-mentioned oscillating detection means, and the calculation result of the above- 
mentioned distance calculation means. 

[Claim 4] The above-mentioned video output amendment means sets distance to the 
photographic subject computed by X and the above-mentioned distance calculation means about 
35 the field angle of the image to output in the amount of displacement of the vertical direction of 
the vertical direction of the above-mentioned car detected by the above-mentioned oscillating 
detection means to L, and is theta=tan -1 (X/L). 

Image pick-up equipment according to claim 3 characterized by performing amendment 
processing about the field angle of the image to output by whenever [ ** assistant sawn square ]. 

40 [Claim 5] The 1st oscillating detection means which the above-mentioned oscillating detection 
means is arranged in the front-wheel side of the above-mentioned car, and detects the vertical 
vibration by the side of the front wheel of the car concerned, It is arranged in the rear wheel side 
of the above-mentioned car, and consists of the 2nd oscillating detection means which detects the 
vertical vibration by the side of the rear wheel of the car concerned. The above-mentioned video 

45 output amendment means Image pick-up equipment according to claim 1 characterized by 
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performing amendment processing about the image outputted based on the detection result of 
each oscillating detection means, and the calculation result of the above-mentioned distance 
calculation means about the above-mentioned video signal which the above-mentioned image 
pick-up means generated. 
5 [Claim 6] The above-mentioned image pick-up means is image pick-up equipment according to 
claim 5 characterized by being arranged in the abbreviation mid-position by the side of the front 
wheel of the above-mentioned car, and a rear wheel. 



1 0 DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the image pick-up equipment for mounted 
1 5 cameras which is carried in a car and picturizes the photographic subject besides a car. 
[0002] 

[Description of the Prior Art] In recent years, generally image pick-up equipments, such as a 
video camera, spread widely, and diversification is attained about the application, operation, etc. 
Recently, making it run the car concerned, by being carried in cars, such as an automobile, for 
20 example as a mounted camera, image pick-up equipment photos an image powerful about the 
external photographic subject which moves relatively, or is used for the application of photoing 
the image of evidence for a criminal arrest of the police. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, when image pick-up equipments, such as 
25 a video camera, were used as a mounted camera, there was a problem that the image at the time 
of photography will shake by the vertical vibration generated at the time of transit of an 
automobile etc. The suspension has high-performance-ized cars, such as an automobile, every 
year, and although there is much what has the property which was excellent also about 
absorption of vibration, they cannot absorb vibration completely. For this reason, when photoing 
30 an external photographic subject with a mounted camera during transit of a car, the image which 
the vibration to the vertical direction mainly generated and photoed in running a road with much 
irregularity etc. will shake. 

[0004] In addition, generally that in which the latest image pick-up equipment has a hand 
deflection amendment function has spread. This hand deflection amendment function detects the 
35 amount of shakes of the fixed direction with angular velocity for example, by the angular- 
velocity sensor, and performs optical or electric amendment to the image photoed according to 
that detection result. 

[0005] However, since this hand deflection amendment function was a function on condition of 
using image pick-up equipment, having it by hand, when image pick-up equipment was used as a 

40 mounted camera, a good result was not obtained, but it had the problem that a photography 
image will shake. When the body of a camera is grasped by hand, the hand deflection 
amendment function of image pick-up equipment sways from the angular velocity of the biaxial 
direction which used that wrist as the supporting point, computes an amount, and, specifically, 
performs amendment to an image pick-up image based on this calculation result. Therefore, even 

45 if it was image pick-up equipment which has a hand deflection amendment function, when this 
was used as a mounted camera, the amount of deflections to the vibration to the vertical direction 
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mainly generated at the time of transit of an automobile etc. could not be computed correctly, but 
it had the trouble that amendment to a photography image could not be performed appropriately 
as a result. 

[0006] This invention aims at offering the image pick-up equipment which can perform suitable 
5 amendment to vibration of a car, when it is proposed in view of such the actual condition and 
used as a mounted camera. 
[0007] 

[Means for Solving the Problem] In the image pick-up equipment which is carried in a car and 
picturizes the photographic subject besides a car in order that this invention may solve the above- 

10 mentioned technical problem An image pick-up means to picturize a photographic subject and to 
generate an image pick-up signal, and an oscillating detection means to detect vibration of the 
vertical direction of a car, It has a distance calculation means to compute the distance to a 
photographic subject, and a video output amendment means to perform amendment processing 
about the image outputted about the video signal which the image pick-up means generated 

1 5 based on the detection result of an oscillating detection means, and the calculation result of a 
distance calculation means. 

[0008] In image pick-up equipment, amendment processing about the image which a video 
output amendment means outputs about the video signal which the image pick-up means 
generated based on the detection result of an oscillating detection means and the calculation 
20 result of a distance calculation means is performed. 
[0009] 

[Embodiment of the Invention] It explains to a detail, referring to a drawing per gestalt of 
operation of the image pick-up equipment which applied this invention. The optical system 2 as 
which image pick-up equipment 1 inputs the image pick-up light of a photographic subject as 

25 shown in drawing 1 , The CCD imager 3 which changes the image pick-up light from optical 
system 2 into an electrical signal, The camera digital disposal circuit 4 which performs 
predetermined processing to the electrical signal about the image pick-up light from the CCD 
imager 3, It has the image amendment circuit 5 which performs amendment processing about the 
signal after the processing from the camera digital disposal circuit 4, and the encoder circuit 6 

30 which performs predetermined processing to a signal from the image amendment circuit 5, and is 
outputted to it as an image video signal of an analog. Moreover, image pick-up equipment 1 is 
equipped with the acceleration sensor 7 which detects vibration of the fixed direction, the 
integrating circuit 8 which integrates with the detecting signal from an acceleration sensor 7 
twice, the offset cancellation circuit 9 which removes an offset part produced by the acceleration 

35 sensor 7 and the integrating circuit 8, the amendment include-angle conversion circuit 10, and 
the amount conversion circuit 1 1 of amendments. 

[0010] Optical system 2 is equipped with focal device 2a which drives two or more optical lenses 
which are not illustrated and each optical lens, zoom device 2b, etc. In optical system 2, while 
the image pick-up light of a photographic subject is supplied to the CCD imager 3 through each 
40 optical lens, the information on the focal distance to a photographic subject is supplied to the 

above-mentioned amendment include-angle conversion circuit 10, and zoom device 2b supplies [ 
focal device 2a ] the information on a zoom scale factor to the amount conversion circuit 1 1 of 
amendments, respectively. 

[001 1] The CCD imager 3 consists of a CCD drive circuit which drives CCD (Charge Coupled 
45 Device: charge-coupled device) as an image sensor, and this CCD. This CCD imager 3 receives 
the image pick-up light from optical system 2 by light-receiving side 3a by which Above CCD 
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has been arranged, changes into an electrical signal the image pick-up light which received light 
in a CCD drive circuit, and outputs it to the camera digital disposal circuit 4. 
[0012] The camera digital disposal circuit 4 processes sample hold, A/D conversion, etc. from 
the CCD imager 3 to the inputted electrical signal, generates a digital image pick-up signal, and 
5 supplies this digital image pick-up signal (henceforth the image data before amendment) to the 
image amendment circuit 5. 

[0013] An acceleration sensor 7 detects the acceleration of the fixed direction as acceleration 
information. In image pick-up equipment 1, this acceleration sensor 7 detects the acceleration of 
the vertical direction which joins the image pick-up equipment 1 whole as acceleration 
10 ' information by being attached in a case, a chassis, etc. which are not illustrated, for example. 

[0014] It integrates with the acceleration information detected by the acceleration sensor 7 twice, 
and moves, and an integrating circuit 8 generates amount information, and outputs this amount 
information of motions to the offset cancellation circuit 9. 

[0015] The offset cancellation circuit 9 removes components, such as a stationary [ which was 
15 inputted ] error produced from amount information by the acceleration sensor 7 or the integrating 
circuit 8 by moving, and a temperature drift, and generates the amount information of 
displacement about the amount of displacement of the vertical direction. 

[0016] The amendment include-angle conversion circuit 10 is supplied to the amount conversion 
circuit 1 1 of amendments based on the information on the focal distance to the photographic 
20 subject supplied from above-mentioned device [ focal ] 2a of optical system 2 by making into 
amendment include-angle information information which changed and changed the amount 
information of displacement on the vertical direction from the offset cancellation circuit 9 into 
the information on an include angle. 

[0017] Based on the information on the zoom scale factor supplied from the above-mentioned 
25 zoom device 2b of optical system 2, and the amendment include-angle information supplied from 
the amendment include-angle conversion circuit 10, the amount conversion circuit 1 1 of 
amendments computes about the amount of amendments about the front [ amendment ] image 
data from the camera digital disposal circuit 4, and is outputted to the image amendment circuit 5 
by making a calculation result into the amount information of amendments. 
30 [0018] The amount conversion circuit 1 1 of amendments generates the information about the 
location of the image cut down by the memory controller 13 of the image amendment circuit 5 
mentioned later, and specifically outputs it to an image amendment circuit 5 by making the 
information which generated into the amount information of amendments by computing a gap of 
the field angle (picture frame) by vibration and shake from the above-mentioned amendment 
35 include-angle information, and correcting this calculation result based on the information on a 
zoom scale factor. 

[0019] About the image data before amendment supplied from the camera digital disposal circuit 
4, the image amendment circuit 5 performs amendment processing based on the amount 
information of amendments from the amount conversion circuit 1 1 of amendments, and supplies 
40 the signal after processing (henceforth amended image data) to the encoder circuit 6. 

[0020] The encoder circuit 6 processes D/A conversion, addition of a synchronizing signal, etc. 
to the inputted amended image data, generates the image video signal of an analog, and outputs it 
to external block which does not illustrate this image video signal, such as a monitor and a 
recording system. 

45 [0021] Next, the amendment processing which the image amendment circuit 5 performs is 
explained with reference to drawing 2 thru/or drawing 4 . The image amendment circuit 5 
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consists of memory controllers 13 which control the memory 12 which has the capacity which 
can memorize the image data before amendment for at least one frame, and the camera digital 
disposal circuit 4, the encoder circuit 6, the amount conversion circuit 1 1 of amendments and the 
above-mentioned memory 12, as shown in drawing 2 . 
5 [0022] The memory controller 13 of the image amendment circuit 5 once writes the image data 
before amendment from the inputted camera digital disposal circuit 4 in memory 12 as image 
data of one frame. And the memory controller 13 cuts down an image about the image data of 
one frame written in memory 12 based on the amount information of amendments from the 
amount conversion circuit 1 1 of amendments. 

10 [0023] The situation of this processing is typically expressed to drawing 3 and drawing 4 . About 
the image data 20 of one frame shown in drawing 3 (A) written in memory 12, based on the 
amount information of amendments from the amount conversion circuit 1 1 of amendments, as 
shown in drawing 3 (B), the memory controller 13 is cut down about the logging image 21 used 
as the object to start, and pinpoints a location. 

15 [0024] Here, drawing 4 shows the relation between an amendment include angle and a zoom 
scale factor, and shows the case where an amendment include angle is equivalent to (B) and (C) 
in the case where an amendment include angle is zero, and zoom scale factors differ to (A), 
respectively. Namely, about the image data. 20 of one frame written in memory 12, when an 
amendment include angle is zero, as shown in drawing 4 (A), the memory controller 13 of the 

20 image amendment circuit 5 cuts down the image of the predetermined range of the center of the 
image data 20, and cuts it down as an image 21 . Moreover, about the image data 20 of one frame 
written in memory 12, as shown in drawing 4 (B) and (C), when an amendment include angle is 
equivalent, in the amount of amendments according to a zoom scale factor, the memory 
controller 13 cuts down the image of the predetermined range of the image data 20, and cuts it 

25 down as an image 21 . The case where a zoom scale factor is higher than the logging image 21 
which the direction of the logging image 21 shown in drawing 4 (C) specifically shows to 
drawing 4 (B) is shown, for example, if a zoom scale factor doubles, the amount of amendments 
will also double by the same ratio. 

[0025] Furthermore, as shown in drawing 3 (C), the memory controller 13 cuts down the above- 
30 mentioned logging image 21 from memory 12, and outputs it to the encoder circuit 6 by using 
this logging image 21 as the image data after amendment. 

[0026] Even if it is the case where vertical vibration occurs at the time of transit of the car 
concerned by image pick-up equipment's 1 making this a mounted camera by repeating such 
processing and performing it, and carrying in cars, such as an automobile and an electric car, an 
35 image without a shake is outputted from the encoder circuit 6, and it becomes possible to display 
on a monitor etc. Here, the case where image pick-up equipment 1 is used as a mounted camera 
of an automobile is explained with reference to drawing 5 . 

[0027] As shown in drawing 5 (A), image pick-up equipment 1 is carried in an automobile 30, 
and if the car body of an automobile 30 vibrates up and down by the irregularity of a road 

40 surface, etc. the time of acceleration or moderation, etc. in photoing other automobiles 3 1 which 
run the front with this image pick-up equipment 1 for a predetermined zoom scale factor, the 
acceleration sensor 7 built in image pick-up equipment 1 will detect this vibration as acceleration 
information. At this time, it will be computed as an amount X of displacement about vibration of 
the car body of an automobile 30, or the amount of a shake with image pick-up equipment 1 by 

45 changing the acceleration information concerned from an acceleration sensor 7 into the amount 
information of displacement through the above-mentioned integrating circuit 8 and the offset 
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cancellation circuit 9. 

[0028] And it is thetal=tan-l (X/L) about the amendment include angle theta 1 so that clearly 
also from drawing 5 (B), since the distance between two cars of an automobile 30 and an 
automobile 31 becomes almost equal to a focal distance L when the automobile 3 1 which runs 
5 the front is used as a photographic subject. 

It can express with ********. Therefore, in image pick-up equipment 1, it is based on the 
information on the focal distance L to a photographic subject that the amendment include-angle 
conversion circuit 10 is supplied from above-mentioned device [ focal ] 2a of optical system 2. 
The information on the amount X of displacement of the vertical direction from the offset 

10 cancellation circuit 9 is changed into the information on the amendment include angle theta 1 . 
Neither a shake nor vibration has the photoed image by supplying the amount conversion circuit 
1 1 of amendments, and carrying out field angle amendment by making changed information into 
amendment include-angle information, so that the image amendment circuit 5 may cancel the 
field angle gap by vibration and shake based on the amount information of amendments from the 

1 5 amount conversion circuit 1 1 of amendments further. 

[0029] In addition, vibration of the car body of an automobile 30 differs from a shake by the 
front-wheel and rear wheel side in fact in many cases. Also in this case, what is necessary is to 
set to two the acceleration sensor 7 connected to an integrating circuit 8, and just to suppose that 
every one acceleration sensor 7 of these is attached in the both sides by the side of the front ' 

20 wheel of an automobile 30, and a rear wheel, as shown in drawing 6 (A) in order to cope with it. 
[0030] And the amount of displacement by the side of a front wheel is set to XI, the amount of 
displacement by the side of a rear wheel is set to X2, and image pick-up equipment (in this case, 
since the acceleration sensor 7 has dissociated, referred to as image pick-up equipment 1 A.) is 
installed in the core between the wheels of a front wheel and a rear wheel. In this case, it is 

25 theta3=thetal+theta2=tan-l(Xl+X2) (/L)+tan-l (X1-X2) (/l) about the amendment include angle 
theta 3 as a focal distance L and a distance 1 between wheels so that clearly also from drawing 6 
(B). 

It can express with ******** Therefore, in image pick-up equipment 1A, it is based on the 
information on the focal distance L to a photographic subject that the amendment include-angle 

30 conversion circuit 10 is supplied from above-mentioned device [ focal ] 2a of optical system 2. 
The information on the amounts XI and X2 of displacement of the vertical direction by the side 
of both the wheels from the offset cancellation circuit 9 is changed into the information on the 
amendment include angle theta 3. By supplying the amount conversion circuit 1 1 of 
amendments, and carrying out field angle amendment further, by making changed information 

35 into amendment include-angle information, so that the image amendment circuit 5 may cancel 
the field angle gap by vibration and shake based on the amount information of amendments from 
the amount conversion circuit 1 1 of amendments Rather than image pick-up equipment 1, the 
precision of field angle amendment goes up further, and neither a shake nor vibration has the 
photoed image further. 

40 [0031] Thus, according to the image pick-up equipments 1 and 1 A, when carried in a car as a 
mounted camera, a photograph can be stabilized and taken, without being influenced by the 
vibration at the time of the transit generated by the time of the irregularity of a road surface, 
acceleration, or moderation etc., and shake. 

[0032] Furthermore, according to the image pick-up equipments 1 and 1 A, it becomes possible to 
45 raise the detection precision in the image processing system concerned by considering as the 
configuration which amends vibration of an image, and a shake in the image processing system 
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which performs image processings, such as tailing. 

[0033] In addition, in the gestalt of operation mentioned above, although the case where image 
pick-up equipment was used as a mounted camera of an automobile was explained, as for this 
invention, it is needless to say that it is not limited to this and can be used as a mounted camera 
5 of all cars, such as two-wheel barrows, such as a bicycle and a motorcycle, and an electric car. 
[0034] 

[Effect of the Invention] Since the amendment processing about the image which a video output 
amendment means outputs about the video signal which an image pick-up means generated 
based on the detection result of an oscillating detection means detect vibration of the vertical 
10 direction of a car, and the calculation result of a distance calculation means carries out according 
to the image pick-up equipment concerning this invention as having explained to a detail above, 
when it uses as a mounted camera, it becomes that it is possible in carrying out the suitable 
amendment to vibration of a car. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the image pick-up equipment 
20 which applied this invention. 

[Drawing 2] It is the block diagram showing the example of a configuration of the image 
amendment circuit of the above-mentioned image pick-up equipment. 

[Drawing 3] It is drawing explaining the processing which cuts down an image, and the image 
with which (C) was started in the condition of (B) having started the condition of having 
25 pinpointed the center position about the logging image used as the object to start, and having 
computed the range of an image about the image data of one frame which (A) wrote in memory 
is shown, respectively. 

[Drawing 4] It is drawing for explaining the relation between an amendment include angle and a 
zoom scale factor, and a logging image in case an amendment include angle is equivalent to (B) 
30 and (C) in a logging image in case an amendment include angle is zero and zoom scale factors 
differ is shown in (A), respectively. 

[Drawing 5] It is drawing explaining the case where carry image pick-up equipment in an 
automatic in the car one, and it is used as a mounted camera, and the principle in which (B) 
computes the amendment include angle theta 1 about the case where (A) photos other 

35 automobiles is shown, respectively. 

[Drawing 6] It is drawing explaining the case where carry the image pick-up equipment about 
the gestalt of other operations of this invention in an automatic in the car one, and it is used as a 
mounted camera, and the principle in which (B) computes the amendment include angle theta 3 
about the case where (A) attaches an acceleration sensor in a front-wheel and rear wheel side, 

40 respectively is shown, respectively. 
[Description of Notations] 

1 1 A Image pick-up equipment, 2 Optical system, 3 A CCD imager, 4 A camera digital disposal 
circuit, 5 An image amendment circuit, 7 An acceleration sensor, 8 An integrating circuit, 10 An 
amendment include-angle conversion circuit, 1 1 The amount conversion circuit of amendments, 
45 12 Memory, 13 A memory controller, 21 A logging image and 30 Automobile 
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[0 0 1 13 CCD-M-!/*3tt. »«*Pfcl/CO 30 
CCD (Charge Coupled Device: Wsflfe^ 1 ?) k, 

CD-f*-5/*3tt, 3^2*60»«*fc_klECC 
D«iM«ifc»IM3a'e»KU SaUtS*** 
CCD BHmK-CVftA^Caai 3& ^ 7fl^»B|(s] 
B4fctBrt-fl>. 

[0 0 1 23 ;M5fl#«IigB4«, ArtLfcCCD 
4 3 *^c?)«Slft#{C^>'7-/l'*-;P H . A/ 

L, ^<nf<^9)V<^Wm^ (WT. «Elirtt*T- 40 

[00 1 33 WJS^y^7(i, -sarifli<0JifiME*jD 

T(4, znWm^sVltf, 0UtfH*L*n«tt* 
5^-5^^9tf(tMiS£kfcJ:9. »&gifil£ 

[00 143 «#0B8(4, jDi»S-fey9-7T«asn 
fcM«KflWBS:2|g«^U"C»*«flW8**iaL, £«0 
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[00 1 53 *74s«y h^V-byP0B9tt. ArtUt 
tt*JHWR*»^ aiO«-by^7^B4MlI»8tJ:04 

[00 1 63 ffiEftftSSUilBl 0(4. **3R2^iJE 

^±Trtfio£{^ff$£ft£offi$8(c£$L-C, £81 
Lfc^£*E«KflHIIk LT»iE«a«ia»l 1 fcft 

[00 1 73 ffiEfiSEBIIIlB 1 Hi. #*JR 2*>±KX 
-A«fl|2b*^tt»&S<tl.X-A<&*<Oiff8k, ffiE 
ftlKSttBIBl OMmZti&WiEAWmbt&rt 
OT, ^^7<i-f«raHISl4*^0«iiEfri««lT-^t 

k ltbumbsiueeib 5 taaj-t* . 

[0018] Attfficli. ffiIE»£8SlI]B 1 1 (4. ±15 

T<0tit$g££j£U 4i)gL^fff8SrliiE*t»l8kLTB!«! 
«WE0»5t:aj*i-*. 

[0019] «MRMjEISIK5tt, ;M?fl»«10H4 

®b 1 1 a> 4>^fiHE*fp8^s-^v ^wEffiasit t 

T. (HT. WEST**?-* fcfcid. ) 

£xy3-^|i]B6 

[00203 x>3-yiUB6(4. Art Lfc*iEartt« 
LT D/A W^«*of«fl?OJM£ 

r:t«**H* t=flf V^ j e-^ J W2«Sfi*4ff5Jl«yo >y 

[ 0 0 2 1 3 Kfc. MWfEHII5«rr31ljEXHiico 
k^T. H27i2H4*«BUT«W*. 0MMEEIHK 
5(4, M^(j!B2lc^-Jtd(=, *Sr<fct 

12k, *^5fll'<WSailI»4. xya-/@S56, *§ 
iE43EJilH]|?Sl 1 , a^iie^^'J 1 2*M9W6>* 
>J n y h d-5 1 3 k fift . 

[00223 WMtEE»5«W*y3yhn-? 13 

-9*. 1 7l/-A«B*if-^t UT^t'J 1 2(C- 
fi«atf. *LT, ^^ynyhn-^l 3(4, 
y 1 2C«&SA,fc*l A<0W»r-^(COV%T, 

[00233 -r^ao^^H 3 W04 (C^WIC 
IW. ^tU3yhn-51 3(4, ^t'J 1 2Cffi#ji 
Ltm 3(A) (C^-t 1 7 V-h.<Wmrr- 920\,Z-Z> 
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T. H3 (B) fcjjrfJ:-?K. W)ft-tjtt&t%&®*) 
astM«2 l trover ffWO&limZftfctZ. 
[00 24] ZZX\ 0414. WLft&lX-Mmt 

<T)M& ttzii nx'h o . ( a > izmjEftgtfmwm 

£S\ ( B ) SXf ( C ) KffllEflgAWT'X-Afgsg 

.jEHIB5^tU3yhQ-513tt, **iJ12fcB 
#&^il7U-AOB^T-?2 0KoVvC, ffliEft 
BtfBfltttefctt. 114 (A) lzm-£$lz. W®?- 

?2o <r>*&(Dm%.mcDmm® o as lb« 2 i t l 

1 2fcS#&/Wf 1 71/- A£0»r-^ 2 OfcOH 

114 ( b ) jkxt ( c ) fcastiaic, m&wm 

2 0 mfemmcow mm 0 tu ubb 2 1 k 0 as 

•f. *flc«C*is H4 (C) K^«J l 5ajLB«2 Iff) 
##04 ( B ) KStr«J0aJtB«2 1 ± 0 tX--M§ 
*WSv LTfc "3 . Wilf X- Afitftf 2 tele 
&W4\ *BEa«>Rttt*-C2f&t:*6. 
[00 2 5] ^^E'JnybD-^l 314. 03 

(C) £5frt& d fc„ ±IEffl'jaiLB«2 l^^iJ 1 
2*»fe«J0ffiLT, £^9ffll,B«2 1*lljEtt*» 
f-^k LTxva-^|lIB6taj*r&. 
[00 2 6] ^.td^iraSrMlOjgtffa^ktJ: 

■mffy&mz&mth ztizz.^x. nwmmf&t 
tzirwmtfm. Ltzo&x'h ott, b*io&^b*b 

ka^Ta***. bbbbi ssbsosb* 

*5tLXmm?ltfr&l,z^X. H5*#BLTSKH 

[oo 27] 05 (a) fcjjcf j: at. mwm%3 
o tcg^g i stjssslt. <i <?>mM.m. 1 ma* 

{ctt, KfflOlHfllH»Ji8Ss!cV^4MiS^k*t«fc 0 iB 
$3 0 c9$##±Tt«rf £ k . SffiSffi l trtBS 

0, Btt*3 00*tt«OBB j muo»fc-3Vvc. jWft 
*Xi: LXm.liiZti&Zb<,z%h. 

[0028] -?-lt. ffiTiiZ&mms lztmftt 

UfcB^fctt, gS)*3 0 k gij*3 1 fcOSBEBtf 
ttBffij&H»LkSEL<s3r&tf>T\ 05 (B) *>fefcBj 

9i = tan"' (X/L) 

^Tli, ffliEftSSmillK 1 0 stole** 2 cD±tB7 * - 
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T1ftoff>%®AXffmm$WsEfiBiei OfflBtSEBL 
1 llcffiBU SfcfcflDEBSBHBl 1j6»4>OWEJI 

tiW8fcafr*wc. «n ■ a*ncj:*Bft-m*««iiE 

OSS 5 *«f -v J: ? fcBABIE't* i k J: 

■J, Wt&ltz®&mti*?ffiMff)%^i>ff>t %Z . 
[0029] &*S, BB(Ctt. SBH3 OOSftcDii 
10 B. Biiti. B^kBBBfc £ 
oJ:3&»£fct>*«M-*fc*>fctt. BflBtt8fc:8« 
£fl&MS-fey-9-7£20fcU 06 (A) fcTjcfJ; 

zti^m^y^7^mM3 0ff)wmmtm 

mtnmrtz 1 o-f oJROWtS £ k k J: v*. 
[0030] -?■ LT. f«IH!l<7)^{afi^Xi i: L. 

*tMtvwmn<w&sttijLi£-ti. zff) 

q&lzit, 06 (B) frfcfcgj&jWridfc:, MESi 
20 L ,$BiaoBB 1 k LTs ffiE^S^a (rov^"C . 
63 = 61 + 62 

= tan-' ( (Xi+Xi)/L) +tan"' ( ( Xi - 
X2 ) / 1 ) 

^&aj5eT*fik#-e£6. ffiot, BflggSlAC 
tS V ^Ttt . MiEAJ^misISS 1 0 2 <7)_fcje7 * 

M$ISilJ{CfettS±T^[SlcO^{aftX! , X 2 ^fff|g$rfii 

30 ttfSk LT fflilEM^gilslK 1 1 izm L. § 6 (cBIEtt 
SBQIftl l*^<0ffliE»1PBt:S^OT. »-iS<l 

KBft*BEr * -ktciO. BAiSi 1A -0 «»8 4>fcB 
ft«Eoff«a<±a<9. BBLfcWB^iO-BBh.^ 

[003 1 ] iOAdfc, &BB91, lAlciixtf. 
«B*>5kLT*Bfc:BBLfcB^fc. BB^IHfl. 
JDBBv^i«lii^^cJ:>)B4"t4*ffB»oBB. IS 
ntcBBS fi* £ k * < LT Jg^-t 6 i k * ? T'# 
40 5. 

[003 2] S&fc. BBBB1, lAtiifUf.Bg 
*ifOB«»I*ff ^ BBMBt^fAicDViTMB^ 
Hm. ffitiZmjE-t&ffi&k-t&ZklzX*). %UMi& 
W&i'ArMzmitoliitii&Zfol.Zlt&ZkWzjm 
k%h. 

[0033] frfc, ±aL-Jtj||ifiO}Bffi(cfcv^T«i. » 

xmmucifi, *mniztuzmmzti& i><nx-m 

< . BIS***- hrt4&)ZHtft*9&Q:Z0)*>W 
50 S$WO*»^^7kLTffifflt'^4Ck{i^f&T'$> 
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[00 34] 

[0Htf)fli#*iBi!HJ 10 

[02 ] ijawiSB<oi««iiiiEiaB^ffljsei**t-^ 

[03 3 «fct«0!B"rWlfconTRW6HT* 

(a) #**ufc»*£^i7v-A««fcf f - 
»<WHMti«e Lfctt«* , ( b ) o as immcD 

IEH*»ittU:«JB*, (C) a*W9ifi§*ifcH«£* 
#l*h*t. 20 



[04] H|jE«*i:X-Afi4!fc<0lW»*KW-4fc» 
<7)0T'£> ►> . ( A ) WfEEft*#*«>*£0«J 0 Hi LB 

. ( b ) ( c > MBEftaawpex-Att* 

[05] JM^fcilMWfc*^LT«;M5fcL 
Tttfflt6«^te-3V^«BBt4 HT* 0 , ( A ) im 
»S»»*«W&**feOV^, (B) #iflIEftJK0' 

[06 ] *^<o«wiiit<^^tcov^^aHiiaat 

^TR>!W4HT» 9 . ( A ) tfmMt&milzZtL 
*ttim&±y**VL 9 Wtfc%&fcowc . ( B ) A* 

1.1 A mKSiB. 2 3 CCD-f^-i; 

■v. 4 ;M5m-f«10R, 5 B*fftfflIEtII«k 7 
8 ff^-OK. 1 0 ffl&BES&m 
»» 11 flEElXMHNk 12 .X%y. 13 J«t 
'j3yho-7. 2 1 WttLML 30 
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